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SYNOPSIS In spite of relative low, magnitude comparing with the historical destructive earthquake of the region, South-East 
Sicily was damaged by the 13/12/1990 earthquake, with estimated magnitude of 5.4; in the town of Augusta and Lentini even 
concrete buildings had severely damaged. The present paper deals with results from analytical soil amplification studies using 
actual soil profiles from Augusta site. To investigate dynamic soil behaviour, field test as cross-hole and down hole were 
performed, and laboratory test as resonant column and cyclic triaxal tests were executed. Results mdicate that, when using 
proper laboratory and field measurements of soil properties, one-dimensional soil amplification analyses can explain not only 
the trends observed in the intensity and distribution of damage to buildings but can explain the soil response, causing the severe 
damage of various structures in Augusta. 
1. CHARACTERISTICS OF THE EARTHQUAKE OF THE 
13TH DECEMBER 1990 
Augusta site, situated in the south-eastern part of Sicily, is 
placed on one of the most intense seismic hazard areas of 
Italy. 
In the past centuries, Augusta site has been damaged by seve-
ral strong earthquakes. The strongest ones are the following: 
the Catania earthquake on the 4'h of february in 1169, with an 
intensity I = XI degree of Mercalli scale, the earthquake on 
the IO'h of december 1542 (I = X), and the Val di Noto 
earthquake occurred on the II th of february 1693, with an 
intensity I = XI. 
The above-mentioned earthquakes caused thousands of 
victims and destroyed many buildings (Postpischl, 1985). 
Especially the earthquake of 1693, together with the one 
which occurred in the channel of Messina in 1908, are the 
most catastrophic seismic events of Italy, because of their 
high intensites over a very large area (Barbano and Cosen-
tino, 1981 ). 
On the 13'h of december 1990 south-eastern Sicily has been 
struck by an earthquake, with magnitude M = 5.4, according 
to the National Institute of Geophisics, having the epicentre 
off the Augusta coast (Amato et a!., 1991 ). 
Because of the number ofvictimis (No.19) and because of the 
severe damage to the buildings, even built in reinforced 
concrete this earthquake has been classified with the VII 
degree of modified Mercalli scale (De Rubeis eta!., 1991 ). 
Fig.1 shows the accelerogram recorded by one accelerometer 
of ENEL (National Company for Electric Energy), placed on 
rock in Sortino site, 32 km far from the epicentre. Such recor-
ding, among the others of ENEL seismic network, can be 
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considered the most representative of the earthquake occurred 
on the 13'h december 1990 (Rovelli eta!., 1991 ). 
The estimation of damages, cacsed by such seismic event, has 
emphasized the effect of the phenomenon of local amplifi-
cation, which caused serious damages in Augusta town to 
some new struc~ures, built on the drained land of the old 
"salt-ponds", while the concrete type of structures were 
almost undamaged in the remaining areas of the town. 
2. GEOTECHNICAL PROPERTIES OF THE SALINE 
SITE 
The evaluation of local seismic response requires an accurate 
modelling of soil behaviour using actual soil profiles and an 
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Fig.1 Accelerogram recorded at Sortino during the 
earthquake ofthe 13th december 1990 
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appropriate laboratory and in situ measurement of soil 
properties in both static and dynamic field. 
To this aim no.3 borings up to 80 m depth were drilled and 
no.22 undirsturbed samples have been taken from the borings 
and submitted to laboratory tests. The borings were also used 
to perform cross-hole and down-hole tests. 
In order to estimate the phisical and mechanical properties of 
the soil, in situ tests as dynamic penetration test (SPT), static 
penetration test (CPT) and Marchetti's dilatometer test 
(DMT) has been performed; the undisturbed samples have 
been tested for the determination of natural water contents, 
volume unity weight, Atterberg's limits, grain size 
distribution curve and others values all of the index 
parameters of interest; besides unconsolidated-undrained 
triaxial tests, direct shear tests and edometric tests have been 
also executed for the determination of mechanical properties 
in the static field. 
The dynamic soil properties have been tested through cyclical 
triaxial tests and resonant column tests. Such tests have been 
performed for the determination of soil resistance and defor-
mability, with special reference to the especially according to 
the estimation of the elastic shear modulus at small strain, the 
decay of the elastic shear modulus with the deformation and 
the dumping increasing with the deformation. 
The soil profiles gained from the borings show that the Saline 
site soil is composed of three lithotype such as: filling mate-
rial of the old "Salt-ponds" including silty sands and limesto-
ne material, from I m to 3 m; grey silty clay up to 15 or 16 m; 
blue-grey clay, below 15 or 16 m, which represent the basic 
plio-pleistocenic formation. The depth of this clayey forma-
tion can't be fixed, because the maximun boring depth is 80 
m, while from the geological survey the depth of clayey 
formation is rancing from 50 to about 300 m at the Saline site 
(Carbone, 1985). The shear and compression wave velocity, 
obtained by cross-hole tests, are shown in fig.2. 
From fig.2 it can be seen that the velocity of waves are 
always increasing; such increasing is very fast till about 10 
mt depth, related to the depth of the superficial deformable 
soil stratum, while it is increasing slower in the lower clayey 
stratum. 
The results of the down-hole test, shown in fig.3, underline a 
certain discontinuity on the waves velocity at about I 0 m of 
depth. 
From the laboratory analysis on blue-grey clay were determi-
ned a medium unity of weight y = 18.63 KN/m3, a void 
index e = 0.87 and a porosity n = 47%. From the direct shear 
tests were determined the values of effective cohesion c' = 
0.049 -c- 0.088 MPa and angle of internal friction cjl' = 
1 Y -c-16. T; beside parameter of the residual strength q,R = 
9.5.-c-12.2. was also determined. From the unconsolidated 
undrained triaxial tests the values of undrained cohesion cu = 
0.081 and 0.183 MPa, increasing with the depth were 
determined. Such parameters, obtained in the laboratory, 
show some agreement with the results of the SPT, CPT and 
dilatometric tests. From the edometric tests a coefficient of 
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Fig.2 Results of cross-hole tests 
The dynamic cyclic triaxial tests were performed to evaluate 
the cyclic strength on the basis of a conventional maximum 
allovable deformation. The resonant column tests were 
performed for the evaluation of the law of the decay of the 
shear modulus with the increasing of deformation and of the 
law of the increasing of the dumping with the increasing of 
deformation. 
In fig.4 as an example are shown the results obtained by the 
resonant column test performed on sample no.6 taken from 
boring No.2. 
From resonant column tests it is also possible to evaluate the 
shear modulus Go at small strain. The results obtained show 
that the values of Go are increasing with depth from about 50 
MPa to 130 MPa, the later at the depth of 46 m. A certain 
agreement between the value of Go obtained in the laboratory 
with a resonant column test and that obtained by in situ cross-
hole and down-hole tests has been found nevertherless the in 
situ geosismic tests show a slight greater value ranging from 
about 60 MPa to 230 MPa, the later at the depth of 78 m. 
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To obtain the law of decay of the shear modulus a normalized 
plot of G/Go is shown in fig.5. 
To obtain the law of the variation of dumping with deforma-
tion the resonant column tests results are plotted in fig.6. 
The actual soil profile and soil properties so far evaluated by 
in situ and laboratory tests have been used to assess a 
geometric and mechanical model of the soil behaviour for the 
evaluation of the soil response to seismic excitation. 
3. SOIL RESPONSE TO THE 1990 EARTHQUAKE 
As the Saline site is located in a flat valley for the evaluation 
of soil response to the earthquake of the 13'h december 1990, 
a monodimensional hysteretical-simplified method (Maugeri 
and Frenna, 1987) was used. 
As reported in paragraph 2, the bedrock depth is unknown, so 
the three different stratigraphical profiles, with the following 
depths were analyzed: a) H=lO m, b) H=80 m, c) H=285 m. 
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Fig.4 Shear modulus (a) and damping (b) from resonant 
column test 
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The criteria of choice of such geometrical systems are the 
following: a) the presence of a discontinuity in the soil 
mechanical characteristics at a depth of 1 0 m; b) the depth of 
80 mat which the soil was inspected by borings; c) the linear 
extrapolation of the shear waves profile till a depth of 285 m, 
where the shear waves velocity is equal to 750 m/s, conven-
tionally adopted to estimate the bedrock depth (fig.7). 
The response analysis to the earthquake of 13'h december 
1990 is obtained using as base excitation the record at Sortino 
E-W component which, as reported in paragraph 1 is the most 
representative ofthe earthquake. 
This analysis provides the time-history response of displace-
ments, velocity and acceleration at the surface. Figs.8, 9 and 
10 show the results obtained for the three geometrical system 
for H = 10m, H = 80 m and H =285m respectively. 
The responses show how the maximum accelerations can be 
noticed in the H = 10 m stratum, with values of 3.05 m/s2 
(fig.8), comparable to the accelerations of 2.54 m/s2 recorded 
at Catania (Frenna and Maugeri, 1993). 
Such wave amplifications of about 3 in the thinner layer are 
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with a proper period T = 0.1 sec; besides the maximum 
displacement of about 3.5 em (fig. I 0) is reached for the case 
ofH =285m. 




In order to analyse the possibility that even more intense 
earthquakes than the one recorded at Sortino on I31h 
december, 1990 could occur, as it has been already emphasi-
zed in the paragraph 1 related to the historical seismic charac-
teristic of the area, the three considered soil profiles have 
been excited by earthquakes derived from Sortino E-W recor-
ding, scaling the maximun acceleration to 0.2 g and 0.3 g; the 
frequency has also been modified, increasing the period of 
the earthquake to 2.5 and 5 times more, because stronger 
earthquakes usually have a longer predominant period. It 
must be pointed out that scaling Sortino recording to higher 
maximum acceleration without scaling also the earthquake 
frequency, the soil response is not realistic. The obtained 
responses are shown in tab. I. 




Fig.8 Dynamic response for H = 10m depth 








Fig_9 Dynamic response for H = 80 m depth 
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Fig. I 0 Dynamic response for H = 285 m depth 
as far as the H == I 0 m stratum is concerned, the highest acce-
lerativns drastically reduce for more elevated periods, and 
that happens because one moves away from the period of the 
stratum. 
As far as the H = 80 m and H = 285 m strata are concerned, 
the higher soil acclerations are obtained for predominant 
period of the earthquake T = 0.5 sec, equal to 5 times these 
related to Sortino registration with the earthquake accelera-
tion scaled to 0.3 g. In particular the response supplied the 
higher acceleration of 5.00 m/s2 for H = 80 m (fig.ll) and 
4.03 m/s2 for H = 285 m. 
According to the analysis of the soil response, design spectra 
concerning the Saline site of Augusta can be deduced (Frenna 
and Maugeri, 1994). 
Tab. I Dynamic response at the Saline site of Augusta 
As an example in fig.l2 is reported the response spectra for 
different dumping values for the H = 80 m stratum excited 
with Sortino E-W component scaled at 0.3 g maximum acce-
leration and 0.5 sec of period. 
5. CONCLUSIONS 
The analysis of the response of Saline site of Augusta area 
has been related to an accurate soil geotechnical characteriza-
tion through field and laboratory tests. Especially by means 
of cross-hole and down-hole tests and also resonant column 
tests, the elastic shear modulus has been evaluated, with some 
agreement of the results obtained with these different 
techniques. 
Displacement [em] Velocity [m/s] Acceleration [m/s"] Amplification 
Earthquake Am ax H[m] H[m] H[m] H[m] H[m] H[m] H[m] H[m] H[m] H[m] H[m] H[m] 
[m/s2] 10 80 285 10 80 285 10 80 285 10 80 285 
Sortino E-W 1,01 0,07 1,49 3,58 0,05 0,14 0,20 3,05 2,09 1,32 3,04 2,08 1,31 
(13/12/90) 
Sortino scaled 1,96 0,20 2,98 7,10 0,08 0,29 0,37 6,65 3,88 2,44 3,39 1,98 1,25 
0.2 g * 
Sortino scaled 2,94 0,20 4,69 10,80 0,13 0,51 0,55 10,00 5,69 3,47 3,40 1,93 1 '18 
0.3 g * 
Sortino E-W - 1,01 0,03 1,20 15,69 0,01 0,12 0,57 1,03 1,63 2,07 1,03 1,62 2,06 
sc. T*=2.5 T 
Sortino sc. 0.2 g 1,96 0,06 2,36 30,73 0,02 0,22 1,01 1,98 3,32 3,04 1,01 1,69 1,55 
- sc. T-=2.5 T 
Sortino sc. 0.3 g 2,94 0,08 3,66 51,95 0,03 0,33 1,41 2,93 4,56 3,89 1,00 1,55 1,32 
- sc. T*=2.5 T 
Sortino E-W - 1,01 0,03 1,63 11,87 0,00 0,12 0,41 0,92 2,07 1,59 0,92 2,06 1,58 
sc. r=5 T 
Sortino sc. 0.2 g 1,96 0,05 3,13 32,95 0,01 0,23 0,89 1,80 3,66 2,89 0,92 1,87 1,47 
- sc. T*=5 T 
Sortino sc. 0.3 g 2,94 0,08 4,67 79,42 0,01 0,34 1,71 2,70 5,00 4,03 0,92 1,70 1,37 
- sc. T*=5 T 
• do not consider as at the reppresentative earthquake 
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Fig.ll Dynamic response for H = 80 m excited with Sortino E-W record scaled at 0.3 g and 0.5 sec 
The soil response has been determined through a one-dimen-
sional model, capable to take into account the decay of the 
elastic shear modulus with strain, and the hysteretical 
behaviour of the soil. 
As there is not a bedrock stratum, the standard model has 
been employed considering geometrical systems of different 
depths and analysing their actual significance also with refe-
rence to the different acceleration characteristics and to the 
different period of the basic exciting earthquake. 
As there are no seismic registration at the Saline site, the soil 
response obtained by the one-dimensional model has been 
compared with the actual soil response recorded during the 
earthquake of the !3'h december 1990 on a similar clayey soil, 
situated on the plain of Catania. The substantial agreement 
between the response calculated at the Saline site and the one 
recorded at the Catania site, shows how the one-dimensional 
models are adequate to estimate the soil amplification, both 
qualitatively and quantitatively, providing that the models 
are based on careful soil properties evaluation by appropria-
te field and laboratory tests. 
As far as it has been stated that at the Saline site could occur 
earthquakes stronger than that one of the 13'h december 1990. 







Fig.l2 Response spectra for the case of fig.ll, considering 
different damping values 
3 
The soil response related to stronger earthquake, obtained by 
scaling the maximum acceleration and the frequency of the 
Sortino E-W record of the 13th december 1990 earthquake, 
has been evaluated. From the results obtained the maximum 
soil accelerations was extimated equal to 0.5 g. 
The Computer code developed for soil response spectra is 
able also to calculate the response spectra, from which can be 
derived the expected design spectrum for the Saline site. 
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